Abstract Oral anticoagulants are now available with predictable pharmacokinetic and pharmacodynamic profiles, therefore eliminating the need for routine therapeutic monitoring. There are a number of clinical scenarios in which the ability to measure the pharmacodynamic and pharmacologic activity of these agent would be desirable. Since these new oral anticoagulants do not impact traditional coagulation assays like warfarin or heparins, and impact the assays differently among agents, measuring and monitoring creates a challenge for clinicians who care for these patients in the emergency or hospitalized setting. Understanding the effect of these agents, the available assays, and the interpretation of results is an element of their safe and effective use.
Introduction
In recent years, anticoagulation management has broadened beyond the use of traditional oral vitamin K antagonists (VKA). New oral anticoagulants produce their effects on specific factors in the coagulation cascade and have demonstrated clinical efficacy in the management of several thromboembolic conditions, including the prevention of venous thromboembolism (VTE) in patients undergoing hip or knee arthroplasty [1] [2] [3] [4] [5] [6] , stroke prevention in patients with nonvalvular atrial fibrillation (AF) [7] [8] [9] , and the treatment of VTE [10] [11] [12] . Dabigatran, rivaroxaban, and apixaban are currently approved for use in the USA and many other countries, with edoxaban being the investigational agent farthest along in development (Table 1) .
New Oral Anticoagulants

Direct Thrombin Inhibitors
Dabigatran etexilate is an oral prodrug that exerts its anticoagulant effect by directly inhibiting both free and clot-bound thrombin [13] . As a direct thrombin inhibitor (DTI) it inhibits coagulation by preventing fibrinogen to fibrin cleavage, activation of clotting factors, and thrombin-induced platelet aggregation. The prodrug is rapidly absorbed and converted to its active form, dabigatran, by plasma and hepatic esterases [14] . Dabigatran has an oral bioavailability of only 6-8 % and reaches peak plasma concentrations in 1 h on an empty stomach or 2 h after meals. It does not rely on cytochrome P450 (CYP)-mediated mechanisms for metabolism, but relies rather on hepatic glucuronidation [14] . Patients concomitantly taking P-glycoprotein inhibitors may be at risk of increased plasma concentrations and bleeding. Dabigatran is dependent on renal excretion for 80 % of its elimination, with a serum half-life of 12-17 h [14] . In the phase II PETHRO study, dabigatran, 150 mg twice daily, produced peak plasma concentrations of 184 ng/mL (range 64-443 ng/mL) and trough concentrations of 90 ng/mL (range 31-225 ng/mL) [15 •• ] . Elderly subjects (mean age 68 years) receiving the same dose demonstrated peak plasma concentrations of 254 ± 71 ng/mL for men and 285 ± 81 ng/mL for women, and trough concentrations of approximately 80 ng/mL [14] . Although there are minor differences between dabigatran plasma levels achieved in different settings (healthy subjects, AF, VTE prevention), a study comparing exposure in these patient groups did not find statistically significant differences [16] .
Direct Factor Xa Inhibitors
Rivaroxaban, apixaban, and edoxaban are classified as direct factor Xa (FXa) inhibitors (Table 1) . By inhibiting FXa directly (not needing to first bind to antithrombin), agents of this class are able to inhibit both free and prothrombinase-bound FXa, and therefore inhibiting the conversion of prothrombin into thrombin [17] . Rivaroxaban is rapidly absorbed after administration and is more than 90 % protein-bound. Rivaroxaban has differing bioavailability on concomitant administration with food, 65 % on an empty stomach and 100 % with food, and reaches peak plasma concentrations between 2 and 4 h [18] . Doses of rivaroxaban greater than 10 mg should be administered with meals. Rivaroxaban undergoes metabolism via CYP3A4/CYP3A5, and concomitant use with P-glycoprotein and CYP3A4 inhibitors or inducers should be assessed prior to initiation. The ROCKET-AF trial allowed concomitant administration of weak to moderate CYP3A4 inhibitors and did not show increases in bleeding risks, even in those with moderate renal impairment (creatinine clearance 30-50 mL/min) [8] . Early rivaroxaban studies The activated partial thromboplastin time (aPTT) loses sensitivity at higher dabigatran plasma concentrations. The thrombin time (TT) is oversensitive to moderate to high dabigatran plasma concentrations. The prothrombin time (PT) loses sensitivity at lower rivaroxaban plasma concentrations and longer times after dosing. There is also variability depending on the thromboplastin used, which is not corrected by the international normalized ratio. [18] . Early data in subjects receiving rivaroxaban at the dose used for VTE prevention (10 mg once daily) demonstrated peak plasma concentrations of 125 ng/mL (range 112-184 ng/mL) and trough concentrations of 9 ng/mL (range 1-38 ng/mL) [19] . Subjects receiving rivaroxaban at the dose used in the prevention of stroke in AF and VTE treatment (20 mg once daily) demonstrated peak plasma concentrations of 173 ng/mL (range 111-294 ng/mL) and trough concentrations of approximately 24 ng/mL [19] . The oral bioavailability of apixaban is roughly 50 %, and peak plasma concentrations are reached within 3 h [20, 21] . Approximately 25 % of the drug is eliminated renally. Similarly to rivaroxaban, apixaban is metabolized by CYP3A4. Concomitant use with moderate to strong CYP3A4 or P-glycoprotein inhibitors or inducers may alter plasma concentrations of apixaban.
Edoxaban is an investigational oral direct FXa inhibitor completing phase III studies (Table 1 ) [22] . The bioavailability or edoxaban is approximately 60 % [23] . It undergoes minimal CYP3A4 metabolism, but there is no data describing dosing reductions or precautions with strong CYP3A4 or P-glycoprotein inhibitors or inducers. Phase II trial data have demonstrated the drug is eliminated by renal and hepatic routes.
Monitoring or Measuring
The new oral anticoagulants provide significant advantages over those of VKA. They have fewer drug and food interactions, more standard dosing, and less pharmacogenomic influence on response. Population studies have also shown that these agents produce a more predicable PK and PD profile, reducing the need for routine therapeutic monitoring [24] [25] [26] . Although the new oral anticoagulants do not have defined therapeutic ranges similar to those of VKA, assessment of the effect of the drug or drug concentrations may be desired in certain clinical situations. Measurement or monitoring of new oral anticoagulants may be warranted if patients present with a new thrombotic or hemorrhagic event, when patient adherence is to be checked, in overdose situations, in patients with reduced clearance due to renal or hepatic insufficiency, in patients requiring emergent and/or high-risk surgical procedures where bleeding could be catastrophic (neurosurgery), or in patients taking interacting drugs. An additional scenario very pertinent to the emergency department physician is the patient presenting with life-threatening hemorrhage. Owing to the high cost and high risk of administering potential reversal agents, it would be critical to know if the new oral anticoagulant was still providing a significant anticoagulant effect.
It is important to differentiate between the desire to provide monitoring of these new oral anticoagulants and the need to measure the effect of the drug at a given time. Monitoring implies laboratory testing to assess the drug's effect and to adjust the dosage to maintain anticoagulation within a therapeutic interval. This is typically not thought to be necessary with the new oral anticoagulants. Although it has yet to be evaluated, monitoring may be valuable in the future in patients with renal or liver insufficiency, in the very elderly, in patients taking interacting drugs, or possibly in patients needing these agents in addition to dual antiplatelet therapy. Measurement implies laboratory evaluation of the drug's effect, not necessarily to use the results to adjust the dosage, but simply to determine whether patients are underanticoagulated or overanticoagulated. This could apply to all of the clinical situations previously listed for the new oral anticoagulants. Assay techniques for measuring anticoagulants include clot-based assays, chromogenic assays, enzyme-linked immunosorbent assays, and high-performance liquid chromatography. The concentrations of new oral anticoagulants can be accurately determined by high-performance liquid chromatography methods [27] . However, these techniques are unsuitable for clinical routine use. Clot-based assays and chromogenic assays are most commonly used for clinical laboratory assessment.
Clot-Based Coagulation Assays
Prothrombin Time
The prothrombin time (PT) is a global assessment of the function of the extrinsic clotting cascade. The PT is a measure of the time in seconds for plasma to clot after addition of calcium and thromboplastin [28] . Thromboplastin contains tissue factor and phospholipids, which are needed to create FXa by factor VIIa. Thromboplastin reagents have differing sensitivities to coagulation factor deficiencies or inhibition owing to the different sources and methods for the preparation of the tissue factor [29] . These differences produce variable results for the PT for the same blood sample depending on the thromboplastin used. The international normalized ratio (INR) was developed to provide standardization of PT results when using VKA by providing an international sensitivity index (ISI) for each thromboplastin developed [28] . It is desirable to be able to use the PT for assessment of the new oral anticoagulants since the test is readily available in practically all clinical laboratories at any time of day and limited expertise is required to perform the test.
Dabigatran produces a concentration-dependent increase in the PT [14, 15 •• , 23-32] . The dabigatran plasma concentration needed to double the PT is typically more than 600 ng/mL. This concentration is significantly higher than what is typically seen with peaks in the treatment of AF. Dabigatran, 150 mg twice daily, produces peak levels of approximately 200 ng/mL and generates a PT of 1.2 times the baseline value [33 •• ] . Although the PT can be prolonged with dabigatran, because of the low sensitivity of the test, there is very little prolongation at typically achieved plasma concentrations. Therefore, the PT is not appropriate for assessing the effects of dabigatran.
Since direct FXa inhibitors inhibit free FXa and FXa bound in the prothrombinase complex, it would be expected that the PT would be prolonged with agents of this class. The impact of rivaroxaban on the PT has been evaluated in a number of studies [34, 35, 36 • ]. Although rivaroxaban produces a concentration-dependent prolongation of the PT in a liner fashion, the slope of the concentration-effect relationship varies considerably depending on the thromboplastin used [26, 34, 35] . The reason for this variability is based on the different ISI for each of the thromboplastins evaluated, and therefore, the different sensitivities to the anticoagulant effect of the direct FXa inhibitors. Unfortunately, this variability is not corrected for by conversion of the PT to an INR as it is with VKA. In fact, multiple studies have demonstrated an increase in variability when the INR is applied to direct FXa inhibitors because of differential assay reagent sensitivities to rivaroxaban [35, 36 • , 37] . The most responsive thromboplastins seem to be Neoplastin CI Plus Ò (Diagnostica Stago, Asniéres-sur-Seine, France) and RecombiPlasTin Ò (Instrumentation Laboratory, Bedford, MA, USA), whereas the least responsive consistently is Innovin Ò (Siemens Healthcare Diagnostics, Deerfield, IL, USA) [34, 38] .
Although variability in the PT response to rivaroxaban depending on the thromboplastin used is one limitation to the test, there are others. The PT does not seem to be sensitive to lower concentrations of rivaroxaban, and the effect of rivaroxaban on the test is short-lived [39, 40] . In human plasma spiked with rivaroxaban, the effect on the PT can be observed at rivaroxaban plasma concentrations between 50 and 700 ng/mL. The test lacks accuracy and precision at lower (trough) rivaroxaban plasma concentrations [41] . A study with patients receiving rivaroxaban, 10 mg once daily, demonstrated a prolongation of the PT 2 h after study medication (peak), but the PT was no longer prolonged 12 h later [40] . After a 30 mg dose of rivaroxaban, the PT at 12 h was only 1.2-fold higher compared with the baseline, and returned to the baseline by 24 h [42 • ]. Therefore, it cannot be assumed that patients without an elevated PT are not taking their rivaroxaban as prescribed or that there are ''low'' levels of the drug in the patient. The PT assay may be useful for performing qualitative measurements of maximum plasma drug concentrations (overdose), but is not recommended for determining minimum plasma concentrations (safety for surgery).
In an attempt to standardize PT results, a calculation of the ISI for commercial thromboplastins specific for rivaroxaban has been evaluated [38, 43 • ]. This ISI is used to convert the PT ratio into a standardized scale similar to that used for VKA. Even if an INR value for the direct FXa inhibitors is developed to standardize the PT results, there is no reason to believe that the ''therapeutic range'' of 2.0-3.0 will apply to these agents. Developing an INR for direct FXa inhibitors would only be the first step to determining cutoffs for efficacy and safety from new clinical trials. It is also possible the different direct FXa inhibitors will produce different cutoffs for these outcomes.
Another attempt to standardize the PT test results, and even develop potential monitoring of direct FXa inhibitors, is to modify the PT with the use of specific calibrators. This allows the results of PT measurements to be expressed as plasma concentrations of rivaroxaban in nanograms per milliliter [44, 45] . Calibration plasmas obtained by spiking pooled normal plasma with known and increasing amounts of rivaroxaban are commercially available in lyophilized form. These calibrators would help translate clotting times obtained with any given method/reagent into concentrations of the drug by means of local calibration curves. This would have the benefit of making possible a simple and widely available test to assess the PKs and PDs of agents of this class [34] . By use of these calibrators and controls, the PT would go from providing simply qualitative data to providing more quantitative data for making patient care decisions.
Not all of the direct FXa inhibitors seem to impact the PT to the same extent. Whereas edoxaban appears to have the same impact on the PT as rivaroxaban [23] , darexaban has a more pronounced impact on the PT [36 • ]. Apixaban also produces a prolongation of the PT, but the test is less sensitive to apixaban. The concentration of apixaban needed to create a doubling of the PT is almost twice that of rivaroxaban, even with more sensitive thromboplastins such as Neoplastine CI and Neoplastine CI Plus [46] . Therefore, there is almost no meaningful increase in the PT unless supratherapeutic plasma concentrations of apixaban are achieved [46, 47] . The thromboplastin sensitivities of various direct FXa inhibitors differ considerably [48] .
Therefore, comparisons between drugs in this class are not possible. Apixaban has been evaluated with the use of a diluted PT (dPT) test, also known as a modified PT test, which uses a lower concentration of thromboplastin regent than that used in the PT test in order to increase the sensitivity [47] . It may be worth noting that the conditions of the dPT test might be closer to physiological conditions than those of the standard PT test [34] . Although apixaban had little impact on the PT, there was a concentrationdependent impact on the dPT in healthy volunteers. A dose of 50 mg apixaban created a 2.6-fold increase in the dPT, and was found to be more sensitive for apixaban than the PT test [47] .
Activated Partial Thromboplastin Time
The activated partial thromboplastin time (aPTT) is a global measure of the function of the intrinsic clotting cascade. The test is performed by adding a surface activator (Celite, kaolin, ellagic acid, or silica) and a partial thromboplastin to citrated plasma. The thromboplastin is called ''partial'' because it contains phospholipid, but unlike the thromboplastin used for the PT, it does not include tissue factor. There is an incubation period to allow activation of factor XI, factor XII, prekallikrein, and high molecular weight kininogen. Calcium is then added to the sample, and the clotting time is measured [28] .
A number of studies have demonstrated that dabigatran prolongs the aPTT in a curvilinear fashion [ . In another study, the concentration needed to double the aPTT was calculated to be 227-286 ng/mL [30] . Owing to the variable sensitivity of the aPTT reagents, the corresponding dabigatran plasma levels of more than 67 ng/mL and more than 200 ng/mL may correlate with widely differing aPTT ranges (35-50 s for prophylaxis and 50-70 s 12 h after therapeutic administration of dabigatran twice daily) [14, 32, 33 •• ]. The flattening of the aPTT curve caused by lower sensitivity at higher dabigatran plasma concentrations makes it difficult to determine if overdose or accumulation of the drug has occurred. This flattening or curvilinear response to dabigatran has also been demonstrated with other DTI such as lepirudin and argatroban [49] . Patients with substantially elevated dabigatran levels (above 400 ng/mL) almost always have marked prolongations of their aPTT values. Thus, the aPTT may not be suitable for accurately quantifying the anticoagulant effect of dabigatran, but may provide a qualitative assessment of the anticoagulant activity [15 
Rivaroxaban has a weaker effect on the aPTT assay than on the PT assay [26, 34, 35] . Any impact on the aPTT also seems to be short-lived. In a study of healthy subjects, a dose of 80 mg rivaroxaban (four times the dose used in practice) only produced a 1.5-fold increase in the aPTT from the baseline [19] . The concentration of rivaroxaban needed to double the aPTT was three times than that needed to double the PT (0.69 lM vs 0.23 lM), demonstrating the higher sensitivity of the PT [17] . The aPTT also demonstrates weak sensitivity to measuring the effect of apixaban. When 50 mg apixaban (ten times the dose used in practice) was given to healthy subjects, there was only a 1.2-fold increase in the aPTT from the baseline [48] . Of the direct FXa inhibitors evaluated, edoxaban probably has the largest impact on the aPTT. A dose of 60 mg, which may end up being used in practice, produced a 1.5-fold increase in the aPTT [22, 23] . On the basis of the lack of sensitivity of the aPTT to measure most direct FXa inhibitors, and the availability of better methods, the aPTT cannot be recommended for use in measuring agents of this class.
Thrombin Time
The thrombin time (TT), or thrombin clotting time, is evaluated by simply adding excess thrombin to the plasma sample and measuring the time for clot formation [28] . This test is readily available in most laboratories and is not technologically challenging to perform. Since the TT is a direct measure of thrombin activity, DTI such as dabigatran produce a pronounced prolongation of the TT. Owing to the high sensitivity of the test to dabigatran, the TT is good for detecting low to moderate plasma concentrations [15 •• ] . This would make the TT test a useful test in qualitative assessments of dabigatran in situations such as needing to perform highly invasive surgery or providing fibrinolytic therapy for treatment of acute ischemic stroke. The TT is too sensitive to provide any assessment of high dabigatran plasma concentrations, as readings often exceed the maximum measurement time during peak concentrations of dabigatran [ Owing to the extensive sensitivity of the TT to DTI, a modified test called the diluted TT (dTT) is also used [50] . The dTT assay can be used to accurately measure dabigatran concentrations. Because of the linear dose-response curves over a wide concentration range, it can be used to accurately monitor both trough and peak dabigatran levels [31, 32, 33 •• , 51-53]. The Hemoclot Ò assay is a modified TT assay in which the plasma sample is diluted 1:8. Dilution of the test sample avoids the exaggerated sensitivity of assay response associated with the conventional TT test [53] . On the basis of these modifications, a dabigatran plasma concentration of 200 ng/mL produces about a threefold increase in the dTT from the baseline [14, 53] . With the Hemoclot Ò assay, the calibration curve was shown to be linear up to the maximum concentration tested of 1,886 ng/mL, which is approximately four times the concentration expected with the use of dabigatran in the treatment of VTE or stroke prevention in AF [53] . Commercial availability of dabigatran calibration standards and quality control samples makes possible the measurement of dabigatran concentrations rather than determining the clotting time response only, which may differ between laboratories. They also render the assay independent of specific coagulometers and eliminate between-laboratory variability [51, 53] . Although external calibration of the Hemoclot Ò assay with hirudin makes possible determination of dabigatran concentrations expressed as ''hirudin equivalents,'' direct calibration with stable, lyophilized dabigatran standards is more precise [14] . Because a direct FXa inhibitor would have no impact on excess thrombin introduced into the sample, these agents have no impact on the TT or dTT [40] .
Ecarin Clotting Time
During the normal coagulation process, prothrombin is converted to thrombin in a two-step proteolytic process on the prothrombinase complex. The prothrombinase complex consists of FXa, factor Va, and calcium ions on a phospholipid membrane, typically found on platelets. The cleavage of prothrombin first at Arg-217 produces prothrombin 2, which is about half the size of prothrombin, and fragment 1.2 [54] . The prothrombin 2 intermediate is then cleaved at Arg-320 to create a stereochemical change and the active thrombin molecule. When the ecarin clotting time (ECT) assay is performed, ecarin is added to the sample to promote cleavage of free prothrombin first at Arg-320, therefore creating a meizothrombin intermediate that is not attached to the prothrombinase complex [54] . Ecarin is a purified metalloprotease from the venom of the viper Echis carinatus. Since meizothrombin has the same molecular weight as prothrombin, it is not inhibited by the large complex formed with antithrombin and unfractionated heparin (UFH), low molecular weight heparin (LWMH), or fondaparinux. Owing to the ability of a DTI to inhibit meizothrombin, the meizothrombin generated is neutralized in relation to the amount or concentration of DTI in the system [28, 54] . Even though many laboratories do not typically run this test and there is no FDA-approved ECT assay, ecarin is commercially available and the test can be run on most coagulometers.
Dabigatran and other DTI produce a linear increase in the ECT with increasing plasma concentrations [15
The ECT is prolonged about threefold compared with the baseline at a dabigatran plasma concentration of 200 ng/ mL [15 •• , 33 •• ]. A chromogenic variant of the ECT assay in which ecarin is added to a plasma sample and meizothrombin generation is measured with a chromogenic substrate has also been developed [55] . The test currently lacks standardization across different laboratories. The ECT and the chromogenic ecarin assay can be calibrated to dabigatran concentrations, and would be a suitable test for evaluating the anticoagulant activity of dabigatran [14] . Agents that inhibit FXa would not be expected to have any impact on the ECT.
Chromogenic Assays
Chromogenic anti-FIIa and anti-FXa assays have been developed, with the anti-FXa assay being used to measure plasma concentrations of UFH and LMWH. The anti-FXa assay uses a FXa substrate that has a chromophore connected to it. When FXa cleaves the chromogenic substrate, it releases the chromophore, producing a yellow color that can be detected with a spectrophotometer. The intensity of the yellow color produced is indirectly proportional to the amount of FXa present; therefore, the greater the amount of FXa inhibited, the lower the intensity of the color produced [55] .
Since FXa is the target for direct FXa inhibitors, the anti-FXa assay should be an optimal test for agents of this class. Rivaroxaban (up to concentrations of 500 ng/mL) produces a concentration-dependent effect in commercially available assays, which use bovine FXa, but sensitivity differs between assays [34, 37, 56] . The use of human FXa, instead of bovine FXa, and other modifications produce a linear response to rivaroxaban up to 1,000 ng/mL [34] . LMWH calibration curves should not be used to interpolate assay results. Instead, the anti-FXa activity curve should be constructed using samples spiked with various known concentrations of the direct FXa inhibitor [34, 37] .
Recent studies suggest that commercially available chromogenic FXa assays may be useful for the quantitative determination of rivaroxaban provided that a standard curve is generated with known amounts of rivaroxaban using rivaroxaban-spiked plasma samples as a calibrator. Controls for both low and high levels of rivaroxaban are also necessary, and the plasma concentration of rivaroxaban is expressed in nanograms per milliliter [41, 57, 58 • ]. With use of rivaroxaban calibrators and controls, rivaroxaban plasma concentrations can be reliably evaluated for concentrations ranging from 20 to 660 ng/mL [58 • ].
A similar finding has been demonstrated for apixaban, showing that different anti-FXa assays from various manufacturers were consistent in their rank order when tested with different FXa inhibitors, suggesting that chromogenic anti-FXa assays are preferable to the PT assay for assessing apixaban exposure [37] .
The anti-FIIa test is based on the measurement of residual thrombin by a synthetic chromogenic peptide on addition of excess thrombin to a patient's plasma sample. Chromogenic assays to measure dabigatran are currently in development, and a chromogenic assay to measure thrombin activity has been assessed for measuring the concentration of the DTI lepirudin and argatroban [49] . In this assay, samples are incubated with a thrombin substrate, and human thrombin is then added. Color development is measured, giving an inverse relationship with the concentration of thrombin inhibitor. Recent studies suggest that commercially available chromogenic thrombin assays may be useful for the quantitative determination of dabigatran activity, provided that a standard curve is generated with known dabigatran concentrations [32, 59] .
Conclusions
Although the lack of a need for routine monitoring with the new oral anticoagulants is clearly an advantage to patients in the management of chronic disease, there are scenarios in emergency and hospital settings where being able to measure the PD effect of these agents is desired. For dabigatran, the aPTT can be used as a qualitative measurement, but the test lacks sensitivity at higher plasma concentrations. The opposite is true for the TT, in which the test is too sensitive at high concentrations. Therefore, in settings when the desire is to know if there is too much drug, such as in an overdose, when there is bleeding, or when deciding to administer a reversal agent, the aPTT will tell you there is drug in the patient (just not how much). If the desire is to know if the drug has cleared from the patient, a lack of prolongation of the TT would be helpful in assessing adherence in the case of a recurrent thrombotic event, the possibility of administering a fibrinolytic to a patient presenting with stroke, or safety to proceed to surgery. The ECT would also be an appropriate test, but is not available in many laboratories. If monitoring drug therapy is desired, such as in the setting of altered clearance or drug interactions, the dTT, or the chromogenic anti-FIIa assay in the future, would be the best assay. Using the PT or INR is not helpful in the setting of dabigatran.
For rivaroxaban, the PT can be used as a qualitative assessment, but the sensitivity of the test is poor at lower concentrations and beyond 12 h after dosing. There is also significant variation across thromboplastins. Therefore, the PT would be useful in the setting of an overdose, major bleeding, or deciding to administer a reversal agent, but lack of prolongation would not necessarily suggest safety for surgery or administering a fibrinolytic in the setting of stroke. The INR should not be used at this time, as it actually worsens the variability with the PT (opposite of warfarin). Currently the chromogenic anti-FXa assay would be the best test, but the standardization curve needs to be constructed for each FXa inhibitor, and the curves used for UFH or LMWH are not accurate. For apixaban, it appears that only the anti-FXa assay should be used as the PT lacks any sensitivity with this agent. There will be potential for monitoring direct FXa inhibitors with the use of the PT or chromogenic anti-FXa assays if appropriate calibrators and controls are used to standardize the tests. Widespread laboratory uptake of these calibrators and controls may take time. 
